Climate change is an urgent issue unlike anything humanity has ever faced. This thesis explores a market-based tool to reduce greenhouse gas emissions and limit global warming. Specifically, it uses the California cap-and-trade program as a case study. It provides background information on this program, which was established from the California Global Warming Solutions Act of 2006 (AB 32) and in 2017 was extended to 2030. Evaluating market-based tools is becoming increasingly important as countries and states look for ways to reduce climate pollution and create investments in a clean energy future. Through analysis of government reports and a literature review, this paper finds that the program is not performing at its optimum. It recommends reducing the number of allocated permits to increase the demand and the price.
Introduction
Climate change is the most pressing issue of our time. It is a threat to the very existence of life on earth. Even though it might seem like an insurmountable task, we must continue to do our best to mitigate the effects of climate change and get our world on a more sustainable path.
Cap-and-Trade is a market-based tool that addresses climate pollution and creates revenue to invest in a clean energy future. The United States has a history of inaction at the federal level for issues related to climate change, but the world cannot afford to wait for federal legislation.
Climate change is happening right now, and climate disasters will continue to worsen. For this reason, state action is necessary to reduce climate pollution and expand renewable energy capacity.
In this paper, I explore California's cap-and-trade program. I first discuss the need for strong climate policy in the United States and emphasize its urgency given our current set of environmental issues. A brief history of the international efforts to address climate issues is provided with reasons why it is important for individual states to take action given the current administration at the federal level. I provide a history of California's Global Warming Solutions 
Climate Change Causes and Effects
Scientific experts all around the world are concerned about the way that our climate is changing. In 2013, the Intergovernmental Panel on Climate Change (IPCC) published its Fifth Assessment Report. Their group of 1,300 independent scientific experts from countries all over the world concluded that there is a more than 95 percent probability that human activity over the past 50 years have warmed the planet. They attribute the main causes of the warming to greenhouse gas emissions that result from the combustion of fossil fuels such as petroleum (oil), natural gas, and coal. Additional sources of greenhouse gasses come from deforestation, changes in land use, soil erosion, agriculture and livestock (IPCC, 2013) . When greenhouse gasses are released they warm the atmosphere.
The effects of global warming have been felt across the globe. The Environmental Protection Agency (EPA) highlights some of the most pressing issues on the "Climate Change Science" section of their website: changing temperature and precipitation patterns, increases in ocean temperatures, sea level, and acidity, melting of glaciers and sea ice, changes in the frequency, intensity, and duration of extreme weather events, shifts in ecosystem characteristics, like the length of the growing season, timing of flower blooms, and migration of birds, and increasing negative effects on human health and well-being (EPA, 2017).
The majority of global greenhouse gas (GHG) emissions come from energy-related carbon dioxide (CO2) and methane (CH4) emissions. The International Energy Agency (IEA) EXPLORING CAP-AND-TRADE: A CALIFORNIA CASE STUDY 6 cites that 80% of global energy consumption is based on fossil fuels. In 2016, 56% of US carbon emissions came from transportation and electricity. Similarly, in 2015 58% of California's carbon emissions came from transportation and electricity.
In the United States, the top source of carbon emissions in the energy sector is coal.
According to a 2015 report by the U.S. Energy Information Administration (EIA), the total CO2 emissions resulting from U.S. electric coal power were 1,364 million metric tons. In contrast, CO2 emissions resulting from natural gas and petroleum were 530 million metric tons and 24 million metric tons, respectively. On the global market for energy, fossil fuels are favored. In the electricity sector, global subsidies to fossil fuels amount to about $100 billion annually, while global subsidies to renewable forms of electricity amount to about $30 billion annually (Kitson, Wooders and Moerenhout, 2011) . Shifting to a low-carbon future will require these massive fossil fuel subsidies to diminish. This, however, has been a topic of conversation for decades and is not an easy ask.
Global Response
In 1992, the United Nations Framework Convention on Climate Change (UNFCCC) was established as an international environmental treaty at the Rio de Janeiro Earth Summit. In limit global warming to less than two degrees Celsius, with a major effort to limit the rise in temperature to 1.5 degrees Celsius.
United States' Response
To uphold the commitments made by the United States, President Obama and the EPA created the Clean Power Plan. The plan was the first of its kind to addresses climate issues and significantly reduce carbon and methane pollution from power plants. It introduced strong standards for power plants, and also customized goals for certain states. The customized goals take each state's energy mix into account but ensures that there is consistency across the nation and that all states are accountable. It was the big first step made by the United States in addressing climate change and demonstrated to international allies that the U.S. was serious about upholding its commitments made in the Paris Agreement.
On February 9, 2016, enforcement of the plan was stayed by the Supreme Court due to lower court rules involving pending lawsuits. The plan hit the courts again on September 27, 2016 in Washington where arguments were heard for over six hours of. Challengers of the law claimed the federal government overstepped its authority by regulating the energy industry, which is a significant portion of the U.S. economy (Templeton, 2016) A firm's ability to reduce their emissions varies based on their capital and operational expenses. Thus, they have different costs associated with pollution abatement. If Firm A has lower capital and operational expenses and abates pollution to a level below the cap, it is authorized to sell the excess permits to other firms that were not able to reduce their emissions.
California's State Action
Say Firm B was one such firm. Due to their higher marginal abatement costs it has incentive to purchase the excess permits from Firm A. It is important to note that Firm B still has incentive to figure out how to adopt newer and better technologies in the long run. Their pollution fees EXPLORING CAP-AND-TRADE: A CALIFORNIA CASE STUDY 10 continue to increase which ultimately causes their marginal cost of abatement to be higher than adopting newer and better technologies.
Program Features
The California cap-and-trade program regulates the six gases covered by the Kyoto Protocol: carbon dioxide (CO2), methane (CH4), nitrogen dioxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulfur hexafluoride (SF6), plus nitrogen trifluoride (NF3), and other fluorinated greenhouse gases. So that the gasses can be compared, they are converted into metric tons of carbon-dioxide equivalents (MTCO2eq). In California, the cap is determined by the California Air Resources Board (CARB). They determine the cap as the total maximum amount of allowable emissions to be released by regulated facilities and parcels them into "allowances" or "credits." The credits then serve as units of emissions and determine the amount that a regulated entity is allowed to emit within a specific time frame.
Each year the cap becomes lower to encourage emission reductions. When the initial cap was set in 2013, it was set to 162.8 million metric tons of carbon-dioxide equivalents (MMTCO2eq), 2% below forecasted emissions from 2012 and it only regulated large industry and electric energy generators. The 2015 cap was set at 394.5 MMTCO2eq, which was expanded to cover transportation fuels and natural gas. Since then, the cap has been declining annually by around 3%. 
Banking
Banking allows a facility that has excess allowances at the end of the year to "bank" the allowances to use in the years to follow. This essentially allows facilities to keep these allowances to use during years of increased output. The program makes it easier for facilities that may experience annual variations in the market and unexpected events like extreme heat or cool weather that increases the need for energy use. The credits that facilities bank do not expire, but CARB does limit the amount of banked allowances that a facility may hold based on the overall allowance budget of the facility.
Price Collar
The flexibility mechanisms in AB 32 don't go without additional oversight. The
California Legislature was concerned that the flexibility mechanisms would be taken advantage of, so they wrote in what they call a "price-collar." This collar sets a price floor and allows CARB to distribute some free allowances. The original assembly bill included a $10-per-metricton price floor for auctions in 2012 and 2013. In 2014, the price floor started rising 5% per year (plus inflation). The program also features an allowance price containment reserve which can be used to reduce permit prices if they become excessively high. This is achieved by CARB reserving 4% of all allowances. This containment reserve and the price floor give CARB more control over the market and allows them to be in a better position to predict emission reductions based on the set price of carbon permits.
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Auction Revenue
Revenue from the sale of permits is held in the Greenhouse Gas Reduction Fund (GGRF), controlled by the California Legislature and governor. It is up to these governing bodies to apportion funds from the GGRF during the annual budgeting process to the agencies and programs. In September of 2016, a report was released by the California Air Resources Board about California's climate investments. From the beginning of the program though the end of 2017, the GGRF has invested $4 billion in sustainable communities and clean transportation, $503 million in energy efficiency and clean energy, and $765 million in natural resources and waste diversion. In 2018, $284 million will be invested in community air protection.
Concerns Legal
The program has been subject to a number of lawsuits. In 2012, California Chamber of Commerce filed a lawsuit claiming that cap-and-trade was legally a tax. In the state of California, taxes require a two-thirds majority of the legislature to pass (Ashton, 2017) . In late June 2017 the suit was defeated, and the program was declared legally permissible (Megerian, 2017) . Another lawsuit the program faced was brought forth by environmental justice advocates who were concerned about firms that are able to afford purchasing excess permits to pollute beyond their original facility cap would create pollution hot spots. Carbon pollution often is partnered with co-pollutants like nitrous oxide and particulate matter that are harmful to human 
Carbon Market
The carbon market has not created a strong demand for emissions credits. The LA times reported in June 2016 that "during the most recent auction in May [2016] , only 11% of the permits offered for sale were purchased" (Vartabedian, 2016) . The article quotes Harry Horner who is an analyst for CaliforniaCarbon.info, a private entity that is hired to track emissions and price forecasts for the Western Climate Initiative. Horner said that, "the market is clearly in a position of cumulative surplus" (Vartabedian, 2016) . Horner estimated there are 120 million excess permits, three times more than were up for sale at the latest auction. This shows that if emissions credits are valued at low prices, there is less incentive for facilities to reduce emissions. This results in credit auctions that bring in significantly less revenue than expected.
The flexibility that emission banking provides is also a likely culprit. When unused emission credits rollover into subsequent auctions that are already experiencing surpluses, the issue is exacerbated.
Renewable Portfolio Standards
Renewable energy portfolio standards for the State of California were set around the Garcia, but she continues to advocate for stricter protections for marginalized communities beyond the required 25% investment of revenue.
Future Considerations
Carbon pricing policies have the aim of reducing greenhouse gas emissions quickly. The data I reviewed seems to suggest that the California cap-and-trade program has yet to prove itself as a sturdy mechanism to reduce emissions. It does, however, create much needed revenue to invest in a clean energy future. Perhaps the most important result of the program is inspiring both state and global climate action. The Global Warming Solutions Act was a direct response to the failure of the United States to ratify the Kyoto Protocol. It also sent a message, worldwide, that California, the 6 th largest economy in the world, is committed to doing their part to reduce global warming. Reducing the number of allocated permits will, presumably, increase the demand and the price. Both of these will likely result in further emission reductions because it essentially increases the cost of polluting. I believe this is one of the best ways that the program can improve its performance. Additionally, more thought must be put into the relationship between cap-and-trade and other regulations so that one does not undermine the other.
Pending Carbon Legislation in Oregon
According to estimates by the Oregon Department of Environmental Quality, in 2015 statewide greenhouse gas emissions totaled 63 MMTCO2eq (DEQ, 2018 Brown vowed to remain committed to the goals of the agreement (Pair, 2017) . In order to meet the goals of the Paris Agreement, Oregon needs to enact competitive climate policy.
Fortunately, Oregon has many environmental organizations dedicated to protecting
Oregonians from the effects of climate change. One of the most active organizations is Renew
Oregon, a clean energy advocacy coalition. According to their website, Renew Oregon is "composed of businesses and workers, healthcare professionals, parents, farmers and ranchers, faith and community organizers, and individuals coming together to move our state away from polluting energy to a clean energy economy" (Renew . The coalition's primary goals are to, "create well-paying jobs that are safe and non-environmentally damaging, protect air and water from pollution and help families stay healthy." These requirements support Oregon's greenhouse gas reduction goal of 75% below 1990 levels by 2050 (DEQ, 2018) . In order to ensure a smooth transition, the bill includes a number of support systems. To encourage utilities to make early investments in renewable energy, the program provides incentives and requires utilities to incorporate community-scale renewable projects into their portfolios which creates Oregon clean energy jobs.
In 2017, the coalition introduced the Clean Energy Jobs bill, a cap-and-trade program, which is currently pending in the Oregon State Legislature. Similar to the California program, it impacts facilities that emit over 25,000 MTCO2eq on an annual basis. The revenue generated from the cap-and-trade program for this bill will go in to an investment fund. Due to a law in Oregon's constitution, 40% of the revenue is reserved for the highway trust fund. Renew
Oregon, the coalition working to pass the bill, drafted language that advises how the state spend these funds, prioritizing infrastructure creation for electric vehicles and solar panels along the freeway to power lights and rest-stop areas. The remaining 60% of revenue invests in marginalized communities and clean energy solutions for the region. Renew Oregon's website states, "equity and a just transition to clean energy are central to the policy." It also cites that the energy solutions the program will invest in are, "affordable solar, energy efficiency upgrades to homes and businesses, more transportation options, and job training programs" and that, "investment will be targeted to rural communities for projects like wildfire prevention, drought protection and clean energy" (Renew . The Clean Energy Jobs bill did not pass in the 2018 legislative session but is expected to pass in 2019 and has the support of Oregon Governor Brown.
Conclusion
Market-based solutions are one of the most powerful tools to reduce greenhouse gas emissions and create revenue that can be invested in a clean energy future. In this paper, I explored California's cap-and-trade program. I discussed the need for strong climate policy in the United States and emphasized its urgency given our current set of environmental issues. A brief history of the international efforts to address climate issues leading up to the California 
